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Abstract

Discharge problem was produced by using the scanning electron microscopy (SEM) to observe the
PVDF diaphragm. The resolution and sharpness of the image are reduced, so the electronic image
cannot reflect the real appearance of the sample surface. Its thermal stability is analyzed through
the DSC pattern and then by using Ultra low voltage imaging (ULVI) technology to optimize and
adjust five parameters of SEM: Vacc, launching electricity (le), working distance (WD), scanning
mode and electronic signal. Finally, 5 pA launching electricity, 1.5 kv Vacc, 4.5 mm working dis-
tance and rapid scanning were selected. In LA-High mode with backscatter electronic signal was
adopted. The surface morphology of PVDF composite diaphragm and the surface morphology of
cross section can be characterized by this analysis process.
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1. 5|8

BT, BRI SR N 2 A —, BRI ERE e T b RIS . RS, B
R EL b P R PR LA R e A VR AR SRR PR 1] (2] SRR LI (PVDF) 5 A 0 Al MRS K ik A HL A I oK
MR E TR SR, PERKERAM, FFLRE S, Ll PVDF A0S A b2 5 m iR A e 14
L th o FEE A AL AT 72 42537 [4] 6

HF F4 BAREX ANEIEIK) PVDF BB O T S b AT I 23 #r |l T R R v 42 e 03 44
BE, FEFRE BT S By 7 A RO ) B, R er A BRI 3 R B R R AR X LU S AR R, BRI T R
FUERE . Uk, %R mE CH6E(PVDF)E & B X 4 im0 1 A R AT IS 40 BT, ] R AR
TR AR AR 5] [6] [7]. RN B K 545 (Ultra low voltage imaging, ULVI)A&K ] 1~5 KV 8LHE KA b0
R AT AR, DU B BRI R, AT IR A BRIt 507 e ARG 0 M 07 VR k4T
FEA, AR e BAR AR s an R s 1) S GRRE G R TSN B At s 2) /b BT BRAE it PR Ay HL 50
3) JR/NE T AR BT o (R I HR D 2 S EOH IR 1) I ER RN, NS AR
Remib, SEAER RN BT RERD, BIkms R ERE IR, ReTaESECCEA R —ikE
THE%. 2) #Hig b, g kRS HEERGOERR, EmEGRATRgs. B R sRmMmF
FA 3 R SR 4 4 FRA R T DAL ) R 8

2. TE94

ARSI A b W T R ECZ N SLR S A EHELAEN 0.22 pm. 0.45 pm) BT AR R, £EA
RIS TZSHM T, W EEGRE, AR TERE. TR, SEamra
Jias MR K TS 55 (9]-[14], /RN LE, JFRES AF PVDF 8 & B R 1 oUW 3 R AE
Mt TZ,

AL PVDF EARBA A G AR, PVDF SRk BRI & ER RN, 7T F T8 B
PRRIRIEE . PUERFIRABREILIE. LS8 | s,
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2.1.DSC B

DSC, HiZE/RfEsERgEk, EEERRET, EENE R 55 W2 AGERIIFRZE, RMAFER
A, FHFERA SRR . N T 133 PVDF &4 W IR 58 B 2 [BAAE R OC &R, FIH DSC
HIJREXREREAT T I 47, SR 1 LRI B RoR, WEIRF) 100°C, fAAE— AT ihLk,
VI BRE G AL RS 100°C R, #hZIT a6 2218 B, B FEIT a6 Rt BRE TF A6 K, £ 110°C~120°C
(IR — I RO ), BiRARE SRS M R A s 2 IR e 22t BT, £ 150°C~170°Clalf# /£ — 4>
e (R A ), U IARE AR ARG SR A T e, R IR T R, SRR RAE R . R, K
AETRIRUER , SRR T RE R AR A B TR s AR, R T RE R AE AR AR B . ARTELR S AT
FHL #E 110°C~120°C8], PVDF 52 £ 0 14 a o 28 (5P R0 0 280 PR BRCIR 5 1A L 2 T vt i 2>, 7 160°C
FEATEAH K AE 160°C UL L, PVDF B & A 1 RS RAR b, FeA y dh R (RSB R ) [15]

22. AWHR

ffi€ PVDF A€ Eja, SRAX LM i, MR 7 S e i) IR B 5 Sc Bl g, ffil
BREBAT N, GHBTARTZSH, SLRTENE 2. RIEGEAERRSR, [S2&RIK PVDF
ORI MR BRI T TZ. 8 72 E SRR B, SR ARIE S 8 10 75 sOREE A 1
PG DAERLEE o ) PR 421 8 10 D A 0 R T DU AT BE R /b s R SR TR T P AR TR B R, (HB 2
e TR, BERBIMETE S, A ERATAEW, A TTERET B DR & = R AR
R TARmd. TARREESHL M5 G BUE 2 A

Table 1. PVDF diaphragm parameters
# 1.PVDF Mg S8k

JEMEZE JEMAE JE M2 JEMAE
LiRAFE A TR FAm IR LI 6.E1% @47
AT H BT A R AT 7R 1 mm
3. eI LR 8. AR 3C
4.8 PVDF /KA 9.\ 1A] 5 B 4 MPa
544 0.22 um. 0.45 pm 10.F13& Y SuR
Table 2. The experimental scheme
F2 ITWHR
SRS BERTLES e H [ T2ASH [i] 5 151 H
1 e ZIRHETFES. H#EHR. LIEH)E. PRI Vace 1.5 kv,
Y W BT T, TAERES le 5 uA. WD 4 mm
o B ES. T/EHRIE. W, Vace 1.5 kv
2 RRLES T T, TAEEE le 5 uA. WD 4 mm
3 T e 1 pA. 5pA. 10 pA. P RS 5 GNP SEESETN
" 15 pA. 20 pA TAEHIE. TR Vacc 2 kv WD 4 mm
1.5kv. 2 kv. AR BTES. 1 OIS ERE TN
4 LA 3kve 4kv. TARHRR. TR le 10 pA. WD 8(4) mm
5 TR Amm. 45 mm. S mm PR BT ES. 1 OISt ERE TN

TAEfE. TR,

Vacc 1.5kv. le 5 pA
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Figure 1. Differential Scanning Calorimeter of PVDF diaphragm
[ 1. PVDF £ AFRE#Y DSC i

2.3. AHBREFESHERE

FE A3 HL 7 S A I R B O S S AR A it (R R T TS, 9 1 982> PVDF R fis i)
RN, i IR TS SRS O L5 S AT IS, I S R, AR AT S T R A
SR, R HUR TS S AT BUGAE R T IR E S UG AL IR S UG SR EE A %

I B LTS 5 W2, HA-High. HA-Norm. LA-High A LA-Norm 4 Fili 525 . %
IR T RN TAERE. TAERR. TEERSEAL, BN, £@d2RxE55%E, W
2 fipE 3 A TESRIEL A B, B2 W TAEREN 1.5 kv, TAERTEN 10 pA. TAEFEE N 5 mm; &3
FTAEHREN 2 ke TAEHRN 10 pAL TAEBEEN 4 mm. 7E HA BRI, HA-Norm BRFE 2R
SIEFEIR, JEHEGEM; £ LA MBS, LA-Norm B K F 2 R PEAEXT 8% HA-High 1
LA-High PF 57 AT LU, HHskie g R vl LU LA-High SX R BL Al 3% I B2 DL &)= IR
R

2.4. TIEERRADERE

FEHH T BB TR, TAEESM R FE S A, SRR 7B Ast M TIERR, %
I FEORFE SEM IS 0N TAEHRE N 2 kv TAEBRE A 4 mm. HA-Norm #2048, TAEHRA 5N 1
BAL 5 pAL 10 pA. 15 pA K 20 pA, FEIG0E 4 KFERTES. @ W DUE H: BIRTE 1 pA B, iR
FE UG FEA 2 A RN I, B RRE MR IS AR T i 22, ASRe . A3 Rt i 52 iR RE 2 1T 1) J2
MK F: HIRAE 10 pnA~20 pA I, 1XFE BB A7 ARSI e ™ 5, LA T Jo il — Le T 3R 1 4 4
AR A AN, BGLARE IR RIS S A, TAEHRRN 5 pA IR A .

2.5. T{EHERERE

N T G R AR LB X PVDF R A ERE i i, T4k & & PVDF & & B8 A R 1
WIEBERALK TAF R, FEll i e 7 BB TR . TR TE A, SCRH TEHE
R, MR E 2RSS, rTRmE 5. Ko ME 7 EEE R . AETRRTDE M R T R
M TAFHREDY 3 kv A4 kv I, RE RS2 F RN SN ] S o ARS8 7 A IO AR BN 2 kv
i, EGH& RS AL T 5, BNZXIES A AN I, TARRIRE 1.5 kv &AL,
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Figure 2. The parameters are Vacc 1.5 kv, le 10 pA and WD 5 mm, the surface topography under different observation
modes can be observed: (a) HA-High; (b) HA-Norm; (c) LA-High; (d) LA-Norm

& 2. %% Vacc 1.5 kvile 10 pA VWD 5 mm B, R EI M EE X TRIFKE F SR : (2) HA-High; (b) HA-Norm; (c) LA-High;
(d) LA-Norm

T - . | . |
" '5 ooum 0KV 4 8mm x10 0k HA+SEQUL) 41872017 1657 '5.00um

e

. | T r
SUB010 2.0kV 4.8mm x10.0k LAO(U) 4/6/2017 17:02 5.00um

Figure 3. The parameters are Vacc 2 kvile 10 pA+ WD 4 mm, the surface topography under different observation modes can
be observed: (a) HA-High; (b) HA-Norm; (c) LA-High; (d) LA-Norm

3. 284 Vacc 2 kv.le 10 pA WD 4 mm B}, AR W EER THIRE SR : (a) HA-High; (b) HA-Norm; (c) LA-High;
(d) LA-Norm
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Figure 4. The surface topography under HA-Norm modes can be observed when the launching electricity (le) is different: (a)
le 1 pA; (b) le 5 pA; (c) le 10 pA; (d) le 15 pA; (e) le 20 pA
& 4. TEERAERT, £ HA-Norm R TREFH: (@) le 1 pA; (b)le 5 pA; (¢)le 10 pA; (d) le 15 pA; (e) le 20 pA

@ (b)

Figure 5. The surface morphology of le 10 pA, WD 8 mm and LA-Norm mode at different voltage: (a) Vacc 3 kv; (b) Vacc 4 kv
5. BEAR[EE],SEM £33 le 10 pA. WD 8 mm. LA-Norm #3\ TREMSR: (a) Vace 3 kv; (b) Vacc 4 kv

Figure 6. The surface topography of le 10 pA, WD 4 mm and LA-High mode at different voltage: (a) Vacc 1.5 kv; (b) Vacc 2 kv
6. BEAR[E, SEM %3 1e 10 pA. WD 4 mm, LA-High X TREMIH: (a) Vacc 1.5kv; (b) Vacc 2 kv
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Figure 7. The surface topography of le 10 pA, WD 4.5 mm and la-high mode at different voltage: (a) Vacc 1.5 kv; (b) Vacc 2 kv
B 7. BEARE, SEME# % 1le 10 yA. WD 4.5 mm, LA-High RN TREMSR: (a) Vace 1.5 kv; (b) Vace 2 kv

2.6. TIEFEEBRYIERE

N T AR B R B MR, TR AE I TAERE B N AT I, B TAERE B8 478 4 mm, 4.5 mm,
5 mm BHTIZL, Z5HRNE 8. fEMEMR Y HA-High, TAEHEAN 1.5 kv KRS T, TAEEEE A 4 mm
B, UG E R BB TAERE RN 5 mm B, BUEE A & RS X id S0l 5, AR IX
MR FE, RIZ X 3k 52 407 BSOS B2, 1T TAERE B8 4.5 mm B, BAG B R E A, BT AYE 5 B
MRS, PR TR B NIER 4.5 mm.

3. FRIESD
3.1.PVDF E5RBERA R MRIES

R PRIE ST TT AR RTINS, FHU 75 5 R AE LA-High B 2EA7 SCRR LI RE
MIRIES; TARHAEFEAE 5 pA; TAFHRIRIESEAE 1.5 kv; TAFRBIEFAE 4.5 mm. XHAREEAT B,
BRI 9 Frox. HERR: RS 2 R, HARE G H RN FEIRA— F IR G544 T8 R0 Hh o
B AR —DNRPRXIE N, HIDG 2 pATARA N AL ST SRR 5 HoAt AR E, 2%
Wi . Hp PPRGE M BEARKEIA 1 pm, B/ARHE 0.2 pm Ad7, FORFB/ ML, Bikk
BRTCVE Y, BB A B KA — B BEARCK ISR, X882 [ K A 7 7 ORAIE B AR T LA i 2 5 2
R LRSS, JOF HOW it e 5 s shig ft— ey il (idiE, DL S 7 b T Aa. IR A,
WORFFRRAEE 5 (R . BEORYL, lRE B R R, SEARASSZ A RN s, AT Aoy M R T
TR — Lo 1158, BRI, SEIR TR IS 50T LAY PVDF REZME R 25 .

3.2. PVDF & ATRIRETH MY SR RAE ST 4T

N T HEIERE . AW PVDF E &R i gy, Rt AT Wrim GO Sie . seds R A
HE Tl s A MR i, S5 A I R R IR P IERUE S 5B T ROE S i, IREE AT
HEE% 53 2 X LERE SIS B 2 B B PR B T T S HEAT 73 WT o AE AR HLES 1 kv BOPRET . JRATRA kT
E5REE, BRI 10 KA.

XFE 10 BAT RGe 47, ATCALLECE A B PVDF AR N 3 2, B—ZMHALEMAR, A
TERNMAR . WNERL, 51 EAK 254 um, 52 E41K39.9 um, 53 Z4K 28.8 um. FEAH[F
FAET, BOCMEEL WP EER. 5 1. 3 R4 EAK AN, Brimss 1 222K,
KA BB RCREE R, e B — [ SR IR AR A 4 2, ISl b 2 B 2 o 1 IR — %€
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Figure 8. The surface topography of Vacc 1.5 kv, le 5 pA and ha-norm modes with different current; (a) WD 4 mm; (b) WD
4.5 mm; (¢) WD 5 mm

& 8. HLEAE, SEM 234 Vace 1.5 kv, le 5 A, HA-High # X TREFS; (a) WD 4 mm; (b) WD 4.5 mm; (c) WD
5 mm

i 9
Fooroao bl

SUB010 1.5kV 5.3mm x6.00k LAO(U) 4/6/2017 16:21 5.00um

Figure 9. The obtained sample images under the condition of technological parameters

9. ST ZEHFHTHREER

e Ui

1 1 I
SUB010 1.0V 8.4mm 1 00k SEQUL) 42812017 21:47' ' '50.0um

Figure 10. The section microstructure of PVDF diaphragm
10. PVDF 8 & FREEH R Y E R 557

ME k. Wrim s 3 RHEONIECE, ZMAMN ARG PRI RN, ARSI T, e 2
JRERARR 0 e B
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i3t DCS 7 HrifiiE PVDF =5 R i P i) e SR AR AR i, AR B AR R Tk, SEIRE ULVI
BARTEZEZH, PR BN PVDF BRI & Wi S i, SHREERBARSHCR e % i T
o RO T SR T A RHE S R BT OIS B 7 A A RN B i A R e R T A LSS AT LA
PVDF KLAGMELRE S .
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